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Abstract
Objective. – Our objective is to investigate the effects of proprioceptive exercises rehabilitation on isokinetic strength and postural balance in
athletes with sprain ankle.
Materials and methods. – The ankles of 16 subjects were tested: eight in the functional instability (FI) group and eight non-injured (NI) subjects in
the control group. Subjects were asked to take part in a testing session. The test order for the postural stability and isokinetic strength tests was
randomized to avoid learning or fatigue effects. The testing session started with a 5-minute warm-up. Subjects were then instructed to perform
several lower body flexibility exercises. The test procedure consisted in static assessments, where single-limb (right and left) stance postural
stability was assessed. Three practice trials were allowed for each subject. The assessment quantifies postural sway velocity while the athlete stands
calmly on one foot on the force plate, for each leg. They were asked to stand as still as possible for 30 s, upper limbs along the body. The subjects
were requested to maintain balance with eyes open and then with the eyes closed on the firm surface. The sway velocity (in degrees per second) is
given for all trials. Subjects were allowed a 1-minute rest between tests. The regime of isokinetic evaluation of dorsi-plantar flexions is concentric,
with three successive speeds: slow (308/s, reps 5), average (608/s, reps 10), and fast (1208/s, reps 15), according to the protocol established by
European Group for the development and the isokinetic research and the procedural guidelines. Relative moment of strength and times of
acceleration and deceleration were calculated for each set of isokinetic testing repetitions per body side, muscle group and testing speed.
Results. – The results of tests–retest and between both groups (injured vs. healthy) show that after eight weeks of proprioceptive work, significant
increase of maximal strength, decrease in times of acceleration and deceleration at the level of plantar flexors and better stability of the injured limb
at slow and average (P < 0.05). For the healthy limb, improvements varying from 1 to 39% were obtained between test and retest on all the
variables. However, these variations were not statistically significant.
Conclusion. – Proprioceptive training exercises can effectively stabilize an unstable ankle above for muscular and postural control. However, 8
weeks does not assess whether we have achieved maximum effect. In addition, we do not know to what extent these effects will continue over time.
It would be interesting to later re-evaluate the athletes for the effect of this treatment, which is based on a proprioceptive training program on a year
or more.
# 2013 Elsevier Masson SAS. All rights reserved.
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Re´sume´
Objectif. – Notre objectif est de de´celer l’effet de huit semaines de travail proprioceptif sur les performances musculaires isocine´tiques et
posturales de l’articulation de la cheville suite a` une entorse moyenne a` recul d’un moins.
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Me´thodologie. – Seize sportifs ont volontairement participe´ a` cette e´tude. Ils sont re´partis e´quitablement en : groupe atteint, sujets avec se´quelles
d’entorse, ont suivi durant 24 se´ances de 30 min pendant deux mois avec un programme d’entraıˆnement proprioceptif et groupe controˆle. Deux
e´valuations, une quantification isocine´tique de la force musculaire des fle´chisseurs plantaires et dorsaux sur 3 vitesses angulaires par syste`me
« Biodex 3 » et une exploration de l’e´quilibre postural en appui unipodal sur plate-forme « Balance Master1 », ont e´te´ re´alise´es en pre´- et post-
programme pour chaque groupe.
Re´sultats. – Les donne´es obtenus montrent que l’entorse entraıˆne une diminution du moment de force maximal sur les trois vitesses (308/s, 608/s,
1208/s) e´tudie´es et une augmentation des dure´es d’acce´le´ration et de de´ce´le´ration en faveur du membre le´se´ ( p < 0,05). Les vitesses d’oscillations
du centre de gravite´ (CG) en appui unipodal est statistiquement e´leve´s au niveau du membre le´se´. A` l’issue de 8 semaines de travail proprioceptif
sur plan stable et instable et avec diffe´rents degre´s de difficulte´s, on a obtenu une ame´lioration significative des performances des extenseurs et des
fle´chisseurs dorsaux de la cheville a` 608/sec. Une diminution de temps d’acce´le´ration et de de´ce´le´ration. Une ame´lioration tre`s importante de la
stabilite´ posturale caracte´rise´e par une diminution significative de la vitesse d’oscillation de centre de gravite´ en appui unipodal. Les re´sultats de
deux membres deviennent comparables.
Conclusion. – Un programme de huit semaines semble eˆtre suffisant et efficace pour re´duire les re´percussions de l’entorse sur les performances
musculaires isocine´tiques et sur la stabilite´ posturale de la cheville en appui unipodal.
# 2013 Elsevier Masson SAS. Tous droits re´serve´s.
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1.1. Introduction
Injuries to the ankle joint are among the most common of all
sport-related injuries. Sports that register the highest incidence
of ankle sprains are those requiring sudden, stops and pivoting,
such as soccer, volleyball, and basketball [8]. These specific
movements often result in ankle inversion during plantar
flexion, which is the most common type of ankle sprain [11].
Research has shown that 25–40% of athletes who suffer from an
ankle sprain will experience a recurrent sprain due to acquired
instability [20]. However, more recent research points out the
importance of restoring proprioception to the damaged muscles
and ligaments following an ankle sprain [27].
Proprioception refers to the inborn sense of relative
positioning of the body in order to execute kinesthetic
movements [21]. Proprioception is a specialized variation of
the sensory modality and encompasses the sensations of joint
movement and joint position. Joint position’s sense is the ability
to reproduce a predetermined joint angle either actively or
passively [17]. Good proprioception is important for promoting
dynamic joint and functional stability in sports (standing,
walking and running) and in daily activities living. The ankle
plays an integral role in maintaining balance [5,16].
Based on clinical experience, the majority of physical
therapy clinics and athletic training for ankle sprain incorporate
both strengthening and proprioception exercises. Numerous
studies have looked at the effects of strengthening exercises
[12], proprioceptive exercises, or a combination of both on the
return of a patient to functional activity [7].
Methods of proprioceptive rehabilitation include single-leg
stance [23], balance, and coordination exercises [3] and ankle
disk training [7]. Both help to improve the neuromuscular
control in athletes [7]. Mattacola and Dwyer [19] reported that a
definitive series of outcome studies documenting the number of
treatments and the combination and the volume of exercises
necessary to return athletes with ankle instability to full
function is still lacking. Studies have shown that balance andcoordination training reduce the chance of recurrent ankle
sprains.
The evidence investigating effects of proprioceptive exercise
therapy was limited due to poor methodological quality;
therefore the data should be interpreted with caution. However,
there is some agreement that peroneus longus muscle reaction
time may improve after proprioceptive retraining. Neverthe-
less, differences in training activities, duration and frequency of
both rehabilitation program make it difficult to recommend
specific evidence-based exercises that may influence this. There
is some agreement that ankle disk training improves tibialis
anterior reaction time [6], though there is no consensus
regarding specific types, duration and frequency of training
required to influence this, due to methodological differences.
There is consensus that proprioceptive exercise may improve
postural sway in subjects with agreement from two studies that
6-week composite exercise program using modalities, such as
ankle disks, tilt boards and single-leg standing activities are
effective [7]. However, there is no agreement in optimum
exercise frequency due to methodological differences.
There is conflicting evidence regarding the effect of 6-week
composite proprioceptive exercise programs, therefore recom-
mendations for practice cannot be made. In light of the limited
evidence relating to the effects of proprioceptive exercise
rehabilitation, there is a clear need for further high-quality
research to draw a conclusion. More studies are needed to show
the overall benefits of proprioceptive exercise for both the
stable and unstable ankle. Our objective is then to investigate
the effects of proprioceptive exercises rehabilitation on
isokinetic strength and postural balance in athletes with sprain
ankle.
1.2. Materials and methods
1.2.1. Subjects
Sixteen subjects were recruited: eight had unilateral ankle
sprain symptoms, (experimental group: ExpG) and eight had
bilateral non-injured ankles (control group: CG).
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subjects were actively involved in any kind of physical activity
and were not under any rehabilitation program. By self-report,
NH-group subjects had no history of ankle inversion sprain or
lower-extremity pathology, including fracture, sprain or
arthritis. Ankle passive and active range of inversion, eversion,
plantarflexion and dorsiflexion and palpation over the
calcaneofibular and anterior talofibular ligaments were
painless.
To be characterized as functionally unstable, subjects had to
satisfy the following criteria:
 experienced at least one significant lateral (inversion) ankle
sprain of either the right or left ankle, but not both, after
which the subject was unable to bear weight or was placed on
crutches, within the last year;
 no reported history of bone fracture to either ankle;
 sustained at least one repeated injury or the experience of a
feeling of instability or ‘‘giving way’’ in either the right or left
ankle, but not both;
 not undergoing any formal or informal rehabilitation of the
unstable ankle;
 no evidence of mechanical instability as assessed by a
physician using an anterior drawer test [13,17].
1.2.2. Test procedures
Subjects were asked to take part in a testing session. Before
testing, subjects signed the informed consent form. The order
for the postural stability and isokinetic strength tests was
randomized to avoid learning or fatigue effects. The testing
session started with a 5-minute warm-up. Subjects were then
instructed to perform several lower body flexibility exercises.
1.2.3. The Balance Master1 system
The Balance Master1 provides objective assessment and
retraining of the sensory and voluntary motor control of balance
with visual biofeedback. The system uses a fixed, 18  6000
dual force plate to measure the vertical forces exerted through
the patient’s feet. The long force plate enhances assessment and
training capabilities. The interactive technology and clinically
proven protocols allow the clinician to objectively assess
patients performing a range of tasks, from essential activities of
daily living through to high-level athletic skills. The objective
data aids in the design of effective treatment and/or training
program focused on the specific sensory and motor components
underlying a patient’s functional limitations.
The goal in managing balance and mobility disorders, is the
minimization of disability and improvement of functional
performance. However, patients with similar pathologies
frequently present significant differences in impairments and
functional limitations. In view of these differences, patients
with similar pathologies respond differently to a given
treatment.
NeuroCom offers a comprehensive library of assessment
protocols for quantifying the impact of impairments on a
patient’s ability to perform balance and mobility tasks required
for safe and effective function in daily life. In short, theprotocols provide the information required for accurate
diagnosis of balance dysfunction and effective clinical
management.
All NeuroCom assessments are compatible with the World
Health Organization (ICDIH-2) [10] and Nagi disablement
frameworks and have been validated by extensive scientific and
clinical research [29].
1.2.4. Static balance assessment
We assessed single-limb (right and left) stance postural
stability. Three practice trials were allowed by subject. The
assessment quantifies postural sway velocity while the athlete
stands calmly on one foot on the force plate. The relative
absence of sway in the ‘‘hold still’’ position indicates better
stability. They were asked to stand as still as possible for 30 s,
the upper limbs along the body. The subjects were requested to
maintain balance with the eyes opened (EO) and then with the
eyes close (EC) on the firm surface. During the EO condition,
subjects were instructed to focus their vision on a fixed-level
target. In the EC condition, they were asked to keep their gaze
straight ahead. This assessment quantifies the postural sway
velocity of each leg. The sway velocity (in degrees per second)
is given for all three trials. Subjects were allowed a 1-minute
rest between tests [29].
1.2.5. Isokinetic strength measurement
The test estimates successively the dominant side (defined
by the limb of support during the shooting or during the call
jump), then the contralateral side. A period of two minutes
separates each series of movements whereas five minutes are
necessary for the preparation and for the warm-up of highly-
rated set. The regime of evaluation is concentric. The regime of
isokinetic evaluation of dorsi-plantar flexions is concentric,
with three successive speeds: slow (308/s, reps 5), average (608/
s, reps 10), and fast (1208/s, reps 15), according to the protocol
established by European Group for the development and
isokinetic research. These results were communicated for every
ankle [26].
Isokinetic testing speeds is essential for optimal strength
evaluation, given that in slow muscle action the vast majority of
motor units are recruited, while faster testing velocities enrich
the force-velocity spectrum of the acting muscles.
The choice of the tested positions is crucial. For our part, we
choose to realize the test with a knee flexion of about 20–308,
which seems to us to be the most functional [24]. The athlete
was tested in a seated position (908 hip angle) with the body
maximally stabilized by straps around the thigh, the waist. Prior
to isokinetic assessment, it was given a 10–15 min warm-up
consisting of mild pedalling on an ergometric bicycle and
ballistic (dynamic) muscle stretching exercises of very short
duration (4–5 sec). The familiarization protocol comprised
three submaximal and two maximal isokinetic actions. A five-
minute rest was given after each angular speed testing.
The instruction was to develop the maximal strength during
the phase of push (flexor plantar of the ankle) and during the
phase of drive (dorsal flexor of the ankle) and to be active [4].
Table 1
Anthropometrics’ variables of injured group (IG) and control group (CG).
Age (year) Weight (Kg) Height (cm)
IG 21.56  2.27 68.93  10.41 173.75  7.54
CG 20.62  1.5 73.12  16.97 179.75  9.52
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and the extensor and conversely were made without pause.
Average peak torque, relative moment of strength and time
of acceleration and deceleration values were calculated for each
set of isokinetic testing repetitions per body side, muscle group
and testing speed.
1.2.6. Training program
The program includes 24 sessions displayed over 8 weeks (3
sessions/week). Every session lasts between 20 and 30 minutes.
For the effective reeducation, it is necessary to approach real
situations during the treatment processing. Thus, it is necessary
to include exercises on stable plane and on irregular ground,
changes of direction of the jumps and other techniques in
connection with the sportsman’s specific activity [12].
The training program consisted of 14 basic exercises on and
off the balance board, with variations on each exercise. The
program provided the coach each week with 4 prescribed
exercises:
 1 exercise without any material;
 1 exercise with a ball only;
 1 exercise with a balance board only;
 1 exercise with a ball and a balance board.
Each week, all 4 prescribed exercises were of similar
difficulty and intensity, with a gradual increase in difficulty and
intensity during the 8-week. During each warm-up, the coach
chose 1 of the 4 prescribed exercises to carry out. The total
duration of 1 exercise, in which both ankles were trained, was
approximately 5 minutes. Once an exercise was carried out, it
could not be chosen again during the same week. This program
was pretested for feasibility in 4 teams prior to the start of the
intervention.
1.2.7. Statistical analysis
The analysis of the results was led by statistical SPSS
software (version 18 for Windows, Inc., Chicago). The average
and the standard deviation were calculated for each parameter.
For the comparison of the results obtained on both lower limbs
of the same subject, we used the Wilcoxon test, which allows
estimating if the difference is significant when variables are
dependent. To compare the results obtained by both groups of
subjects, we used the Mann–Whitney test. This test is used with
independent values. It is about one of the most powerful not
parametric tests. With this test, it is also possible to compare
groups of different sizes. All the statistical tests were
considered as significant when P < 0.05, which means that
there is less than 5% of luck than the difference is due at
random.
1.3. Results
According to the anthropometric data, both studied groups
are statistically comparable. All the subjects suffer from a side
sprain extern, which is characterized by the achievement of the
side collateral ligament (Table 1).The results of tests–retest and between both groups (injured
vs. healthy) show that after eight weeks of proprioceptive work,
significant increase of maximal strength, decrease in times of
acceleration and deceleration at the level of plantar flexors
(Table 2) and better stability of the injured limb at slow and
average (P < 0.05) (Table 3).
For the healthy limb, improvements varying from 1 to 39%
were obtained between test and retest on all the variables.
However, these variations were not statistically significant.
1.4. Discussion
Ankle sprain is the most common sports injury, predomi-
nantly (85–90%) affecting the lateral ligaments of the ankle [1].
In connection with this, sport medicine clinicians commonly
see athletes who have sustained an ankle injury. Proprioception
of ankle is essential to the balance of the human body during
functional activities such as position standing and walking. It
has been shown that subjects with ankle sprain show a decrease
in postural stability, impairment of proprioception and
peripheral muscle function of the ankle with respect to healthy
subjects. Many previous researches investigated the residual
effects of the ankle sprain and found deficits in the sense of the
position of the joint (proprioception), deficit in muscular
strength, deficit at the time of activation of the peroneal muscles
[28], balance deficits [18], and a decrease in the amplitude of
movements of dorsiflexion [22]. It seems that deficits of the
proprioceptive system are the main causes of muscle weakness
and postural instability after the ankle sprain [6]. A period of 6
to 12 weeks of rehabilitation is sufficient to achieve the
objectives of rehabilitation success [12]. Concerning the
content of the proprioceptive training program, it is based on
exercises in discharge and then support on a stable plane in
varied situations of imbalance, of equilibration on an unstable
plane (trays I and II of Freeman), combined with coordination
exercises and exercises of jump with a reception on an instable
plane [14].
One of the objectives of rehabilitation will be working the
postural balance in feedback (stimulation of receptors) to
protect the ankle when the foot is on the ground. Despite this,
rehabilitation must be gradual and carried out in conditions of
safety for the ankle.
In our study, after 8 weeks of proprioception rehabilitation,
we observed a significant improvement in extensors and flexor
strength of ankle at 60 deg/sec speed. Consideration of
evolution throughout the program of the two ankles, injured or
healthy, allowed us to see a performance increase that
corresponds to a gain of strength expressed in percentages of
positive developments. But the injured ankle is slightly less
efficient. Improvement in strength muscles of the ankle is
Table 2
Evolution and average  SD of isokinetic strength performances of flexor and extensor muscles of injured ankle before and after training program.
Movement Sprain ankle
Planter flexion Dorsal flexion
Variables
Speed (8/sec) 30 60 120 30 60 120
Peak torque
Test 73.56  21.81 69.74  18.26 49.96  15.75 24.09  5.82 17.15  4.16 16.54  7.64
Retest 96.04  32.07 95.73  28.84 65.15  17.05 26.55  8.79 22.7  5.18 19  5.23
Gain (%) 30.56 37.26 30.4 10.21 32.36 14.87
Acceleration time (sec)
Test 22.5  7.07 35  7.56 47.5  19.09 33.75  5.18 48.75  23.57 86.25  21.34
Retest 15  5.35 27.5  7.07 43.75  14.08 32.5  7 42.5  4.63 71.25  19.59
Gain (%) 33.3 21.4 7.8 11.1 12.8 17.4
Deceleration time (sec)
Test 63.75  28.75 78.75  31.82 116.25  54.76 65  46.29 77.5  31.05 105  60.47
Retest 46.25  5.35 58.75  11.26 103.75  17.68 47.5  27.12 60  16.04 97.5  27.12
Gain (%) 27.4 25.4 10.7 26.9 22.6 7.14
Table 3
Speed of sway of center of gravity in injured and uninjured limb compared to control group before and after training program (P: signification) *(P < 0.05).
Speed of sway (deg/sec) Test Retest P Control group P
Injured limb
Firm 0.79  0.13 0.7  0.14 0.2 0.72  0.14 0.751
Supple 1.011  0.35 0.85  0.94 0.29 0.89  0.15 0.493
Uninjured limb
Firm 0.97  0.17 0.7  0.17 0.013* 0.87  0.09 0.04*
Supple 1.38  0.5 0.81  0.16 0.002* 1.07  0.19 0.017*
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adequate force is necessary for appropriate functional
movements and motor adaptations. On the other hand, muscle
work enables an increase in balance capacity. The automation
of task allows to focus on other aspects of sport and decreases
the level of central fatigue, which means the risk of accident.
Muscle rehabilitation is actually done after obtaining functional
articular amplitude [27]. The proposed exercises are pro-
gressive and responsive to the specialty of the subject.
Exercises are carried out on both limbs to have more
confidence in injured limb and improve the motor control.
We observed a decrease in acceleration and deceleration time
set by the subject to catch up with the predetermined speed [19].
Currently, proprioceptive rehabilitation is based on the theory
of Freeman [9]. Sprain, latency between the occurrence of an
imbalance and the reaction of the fibular considerably increased
elongation suffered by the ligament system. According to
Freeman, rehabilitation aims to bring proprioceptive loop of
physiological standard latency. Neuromuscular rehabilitation
should also result in anticipation of peri-articular muscle
contractions [2] to provide effective protection of the ankle
against the indiscriminate mechanisms.
On the postural assessment, we found a very important
improvement of postural stability characterized by equitable
distribution of the percentage of body weight on both limbs
(healthy vs. injured) and by a significant decrease in the rate ofoscillation of centre of gravity in unipodal support. The results
of both ankles become comparable. Compared to the control
group, the positive effects of proprioceptive work are
remarkable. The control group is supported at the level of
their sprains by a simple rest for 2 weeks, ice, compression. . .
then the rapid resumption of physical activity. Considering the
evolution during the 8 weeks, the results are stable between T1
and T2.
Other research has shown that the sprain of the ankle without
rehabilitation can be restored after one year [15]. The
effectiveness of a training program for 4 to 8 weeks on Board
of balance (trays I and II of Freeman) on postural control and
the perceived stability has been well documented [25] and the
residual symptoms observed after a sprain of the ankle can be
reduced by 12 weeks of balance rehabilitation program.
Neuromuscular rehabilitation should not be focused only on
spinal reflexes but should also lead the anticipation of peri-
articular muscle contractions, to provide effective protection of
the ankle against the indiscriminate mechanisms.
1.5. Conclusion
Thus, our results show the importance of training
proprioceptive rehabilitation of the ankle injury. These
exercises can effectively stabilize an unstable ankle and break
the vicious circle of recurrent sprains and subsequently, avoid
A. Ben Moussa Zouita et al. / Annals of Physical and Rehabilitation Medicine 56 (2013) 634–643 639the loss of proprioceptive sensitivity and muscle atrophy.
However, our support for 8 weeks does not assess whether we
have achieved maximum effect. In addition, we do not know to
what extent these effects will continue over time. It would be
interesting to later re-evaluate the athletes for the effect of this
treatment, based on a proprioceptive training program on a year
or more.
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2. Version franc¸aise
2.1. Introduction
Les blessures a` l’articulation de cheville sont parmi le plus
commun de tous les traumatismes sportifs. Les sports qui
enregistrent la fre´quence la plus haute d’entorses de cheville est
ceux exigeant un soudain arreˆt et pivot, comme le football, le
volley et le basket-ball [4]. Ces mouvements spe´cifiques
aboutissent souvent a` l’inversion de cheville pendant la flexion
plantaire, qui est le type le plus commun d’entorse de cheville
[11]. La recherche a montre´ que 25–40 % des athle`tes qui
souffrent d’une entorse de cheville e´prouveront une entorse
re´currente en raison de l’instabilite´ acquise [20]. Cependant, la
recherche plus re´cente indique l’importance de re´tablir
proprioception aux muscles endommage´s et aux ligaments
apre`s une entorse de cheville [27].
La proprioception se re´fe`re au sens de positionnement du
corps pour exe´cuter des mouvements kinesthe´siques [21]. La
Proprioception est une variation spe´cialise´e de la modalite´
sensorielle et englobe les sensations de mouvement commun et
la position commune. Le sens de la position commune est la
capacite´ de reproduire un angle commun pre´de´termine´
activement ou passivement [17]. Cette sensation kinesthe´sique
est important pour promouvoir la stabilite´ fonctionnelle et la
dynamique articulaire lors de la pratique sportive (la station
debout, la marche et la course) et lors des activite´s
quotidiennes. La cheville joue un roˆle inte´gral dans le maintien
de l’e´quilibre [5,16]. Base´ sur l’expe´rience clinique, la majorite´
d’experts de la re´e´ducation, de physiothe´rapie et de la
pre´paration sportive incorpore tant des exercices de proprio-
ception que de renforcement. De nombreuses e´tudes ont
regarde´ les effets des exercices de renforcement musculaire
[12], des exercices de proprioceptive, ou une combinaison
d’entre tous les deux sur le retour d’un patient a` l’activite´
fonctionnelle [7].
Les me´thodes de re´e´ducation proprioceptive incluent la
position en appui unipodal [23], les exercices d’e´quilibre et de
coordination [3] et travail sur le plateau instable [7]. Ces
me´thodes aident a` ame´liorer le controˆle neuromusculaire des
athle`tes [7]. Mattacola et Dwyer [19] ont rapporte´ le travail
proprioceptif exige une programmation en termes de nombre de
se´rie, volume et fre´quence pour atteindre l’efficacite´ recherche´.
Malgre´ les diffe´rences et divergences me´thodologiques entermes de contenu du programme et e´laboration, certains
re´sultats peuvent eˆtre retenus a` titre de comparaison et a` titre
indicatif. En effet le travail proprioceptif a montre´ son efficacite´
sur le plan isocine´tique par l’ame´lioration du temps de re´action
du muscle tibial ante´rieur [6], et sur le plan postural de la
diminution des vitesses d’oscillation du centre de gravite´ du
corps suite a` six semaines de travail proprioceptif sur les
disques stable et instables, en appui unipodal [7].
Notre objectif est d’e´valuer les effets, de huit semaines de
travail proprioceptif, d’une part, sur les performances
isocine´tiques des muscles effecteurs de la cheville dans le
plan sagittal et, d’autre part, sur l’e´quilibre postural du corps
chez des sportifs victimes d’entorse moyenne de la cheville.
2.2. Population et me´thodes
2.2.1. Population d’e´tude
Seize sportifs ont e´te´ recrute´ pour participe´ volontairement a`
cette e´tude, repartis e´quitablement en deux groupe. Un groupe
expe´rimental victime unilate´ralement d’entorse moyenne de la
cheville (groupe expe´rimental : GExp). Un groupe controˆle
compose´ de sportifs sains indemnes de toutes pathologies
articulaires, ligamentaires et musculaires au niveau des
membres infe´rieurs (groupe controˆle : GC).
Avant l’e´valuation, des sujets n’ont e´te´ activement implique´s
dans aucune d’activite´ physique et ne suivaient aucun
programme de re´e´ducation.
Pour eˆtre caracte´rise´e comme instables sur le plan
fonctionnel, les sujets devaient re´pondre aux crite`res suivants :
 entorse de la cheville a` un recul d’un mois soit du membre
droit ou gauche, mais pas les deux, apre`s lequel le sujet e´tait
incapable de supporter le poids ;
 aucun ante´ce´dent signale´ de fracture de l’os de la cheville ;
 subi au moins un blessures re´pe´te´es ou l’expe´rience d’une
sensation d’instabilite´ en droit ou en cheville gauche, mais
pas les deux ;
 ne subissant aucune re´habilitation formelle ou informelle de
la cheville instable ;
 aucun signe d’instabilite´ me´canique, telle qu’e´value´e par un
me´decin a` l’aide d’un test de tiroir ante´rieur [13,17].
2.2.2. Proce´dure du test
Les sujets ont e´te´ invite´s a` prendre part a` une se´ance de test.
Avant l’essai, les sujets ont signe´ le formulaire de consente-
ment. L’ordre pour les essais de force isocine´tique et de la
stabilite´ posturales est ale´atoire pour e´viter d’apprentissage ou
des effets de la fatigue. La se´ance de test a commence´ par un
e´chauffement de 5 minutes. Sujets devaient ensuite effectuer
plusieurs exercices de flexibilite´ des membres infe´rieurs.
2.2.3. Le syste`me « Balance Master1 »
Le Balance Master1 fournit une e´valuation objective du
controˆle sensoriel et moteur volontaire de l’e´quilibre avec
biofeedback visuel. Le syste`me utilise une double plate-forme
de 18  6000 pour mesurer les forces verticales exercices par les
pieds lors de l’appui. Le test d’e´quilibre calcule la position du
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utilisant la valeur de la taille du sujet teste´. Puis il fournit une
vitesse de balancement du centre de gravite en degre´ par
seconde : plus cette vitesse est faible, plus le sujet est stable.
La technologie interactive et clinique des protocoles permet
au clinicien d’e´valuer objectivement les sujets accomplissant
des taches essentielles qui sont issues de l’activite´ de la vie
quotidienne ou/et des compe´tences des activite´s sportives de
haut niveau. Ce syste`me offre des protocoles d’e´valuation qui
quantifient l’impact des de´faillances ou des pathologies
articulaires sur des taches ne´cessaires a` la se´curite´ et l’efficacite´
motrice au cours de l’activite´ quotidienne. Tous les tests
d’e´valuation sont compatibles avec l’Organisation mondiale de
la sante´ (ICDIH-2) [10] et sont valides par des recherches
scientifiques et cliniques [29].
2.2.4. E´valuation de l’e´quilibre statique
Les tests de´butent par l’installation du sportif sur la plate-
forme. Le sujet se met debout sur la plate-forme en alignant
chaque malle´ole interne avec les lignes larges et le bord
poste´rieur du talon a` la hauteur de la ligne approprie´e. L’appui
monopodal quantifie l’e´quilibre postural en position debout sur
un coˆte´ puis l’autre. Le temps d’enregistrement est de dix
secondes avec trois essais successifs. Les re´sultats sont
exprimes en termes de moyenne des trois essais. Ce protocole
propose de mesurer des vitesses d’oscillations, en appui
monopodal yeux ouverts puis yeux ferme´s.
Les re´sultats sont communiques pour les deux membres
(droit–gauche). Cette e´valuation quantifie la vitesse de
balancement postural de chaque jambe. La dure´e d’enregis-
trement est 30 s avec un repos entre les essais d’une minute
[29].
2.2.5. E´valuation isocine´tique
Avant le test, soit au moins trois heures apre`s le dernier
repas, chaque sujet a e´te´ soumis a` un e´chauffement standardise´
de dix minutes sur tapis roulant. Le sujet a ensuite e´te´
familiarise´ a` la me´thode d’e´valuation isocine´tique par la
re´alisation de trois a` cinq mouvements sous-maximaux selon
les vitesses isocine´tiques choisies. La consigne e´tait de
de´velopper la force maximale a` la fois lors de la phase de
pousse´e (flexion plantaire de la cheville) et lors de la phase de
traction (flexion dorsale de la cheville) et d’eˆtre actif. Les
changements du sens du mouvement entre la flexion et
l’extension ont e´te´ effectue´s sans temps d’arreˆt.
Le test e´value successivement le coˆte´ dominant (de´fini par le
membre d’appui lors du tir ou d’appel lors du saut) puis
controlate´ral. Une pe´riode de deux minutes se´pare chaque se´rie
de mouvements tandis que cinq minutes sont ne´cessaires a` la
pre´paration et a` l’e´chauffement du coˆte´ oppose´. Le re´gime de
l’e´valuation est concentrique. Le test a de´bute´ par vitesse lente
(308/s, reps 5), vitesse moyenne (608/s, reps 10), et enfin vitesse
rapide (1208/s, reps 15). Ces re´sultats e´taient communique´s
pour chaque cheville [26].
Le choix de la position de test est crucial. Genou en
extension, les jumeaux sont sollicite´s, les valeurs de FP sont
maximales. La force des muscles extenseurs est plus importanteen position genou tendu [13]. Genou fle´chi a` 908, les jumeaux
sont peu efficaces, les valeurs de FP sont diminue´es, les valeurs
de FD sont augmente´es. Pour notre part, nous choisissons de
re´aliser le test avec une flexion de genou de 208 a` 308, ce qui
nous semble eˆtre le plus fonctionnel [24].
Des ajustements du dynamome`tre et de la chaise ont e´te´ faits
pour aligner le milieu du pied avec le milieu de la rotule. Deux
bandages ont e´te´ enroule´s autour de l’extre´mite´ proximale a` la
rotule et au bassin pour re´duire au minimum les mouvements de
la hanche et du genou pendant le test.
Le pied est stabilise´ dans le syste`me d’adaptation par deux
sangles au niveau de sa partie dorsale pour re´duire au minimum
le mouvement entre le pied unique et la plate-forme. Pour que
chaque sujet donne un effort maximal, un encouragement
verbal leur e´te´ donne´ pendant toute la proce´dure des tests.
Aucun des sujets n’a senti n’importe quel inconfort pendant les
tests.
Les parame`tres e´tudies sont comme suit :
 moment de force maximale (encore appele´ couple de force,
ou pic de couple, ou moment maximum) : exprime´ en
Newton-me`tre (Nm), il correspond au moment de force le
plus e´leve´ de´veloppe´ au cours du mouvement isocine´tique ;
 moment de force relatif : exprime´ en N.m/kg. Il s’agit du
moment de force le plus e´leve´ de´veloppe´ au cours du
mouvement rapporte´ a` la masse corporelle ;
 temps d’acce´le´ration et de de´ce´le´ration : C’est le temps mis
par le sujet pour rattraper la vitesse pre´de´termine´e.
2.2.6. Le programme de travail proprioceptif
L’objective de ce programme est d’ame´liorer la coordination
des muscles pe´ri-articulaires et de reprogrammer la boucle
proprioceptive : diminution de temps de latence et ame´lioration
de re´activite´ musculaire.
Le programme comprend 24 se´ances e´tale´es sur 8 semaines
(3 se´ances/semaine). Chaque se´ance dure entre 20 a` 30 minu-
tes.
Pour la re´e´ducation efficace il faut approcher pendant le
traitement a` des situations re´elles. Donc il est ne´cessaire
d’inclure des exercices sur plan stable et sur terrain irre´gulier,
des changements de directions des sauts et d’autres techniques
en lien avec l’activite´ spe´cifique de sportif [12].
Le programme contient 14 exercices de base avec et sans
plateau et avec des variations au niveau de chaque exercice.
Chaque semaine on propose 4 types d’exercices :
 exercice sans mate´riel ;
 exercice avec balle seulement ;
 exercice sur plateau d’e´quilibre ;
 exercice avec ball et sur plateau d’e´quilibre.
Ces exercices doivent avoir meˆme degre´ de difficulte´ et
intensite´ avec une augmentation progressive sur les 8 semaines.
La dure´ total de l’exercice est d’environ 5 minutes pour les
deux chevilles. Le travail est organise´ sous forme de quatre
ateliers.
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L’analyse des re´sultats a e´te´ mene´e par le logiciels
statistiques SPSS (version 18 pour Windows, Inc., Chicago,
IL). La moyenne et l’e´cart type ont e´te´ calcule´s pour chaque
parame`tre mesure´.
Pour la comparaison des re´sultats obtenus sur les deux
membres infe´rieurs d’un meˆme sujet, nous avons utilise´ le
Wilcoxon test, qui permet d’e´valuer si la diffe´rence est
significative lorsque les variables sont de´pendantes.
Pour comparer les re´sultats obtenus par les deux groupes de
sujets, nous avons utilise´ le Mann-Whitney test. Ce test est
utilise´ avec des valeurs inde´pendantes. Il s’agit d’un des tests
non parame´triques les plus puissants (Portney, 2000). Avec ce
test, il est e´galement possible de comparer des groupes de taille
diffe´rente.
Tous les tests statistiques ont e´te´ conside´re´s comme
significatifs lorsque p < 0,05, ce qui signifie qu’il y a moins
de 5 % de chance que la diffe´rence soit due au hasard.
2.3. Re´sultats
Les deux groups sont statistiquement comparables en termes
de caracte´ristique anthropome´trique. Les sujets du groupe
expe´rimental ont une entorse de la cheville se traduisant par
rupture partiel du ligament collate´ral externe (Tableau 1).
Les re´sultats du retest–test, chez les deux groupes (GExp vs
GC), montrent que apre`s huit semaines de travail proprioceptif,
augmentation significative du moment de force, diminution des
dure´es d’acce´le´ration et de de´ce´le´ration au niveau des
fle´chisseurs plantaires au vitesses lentes et moyennes (Tableau
2) et une meilleur stabilite´ du membre le´se´ ( p < 0,05) (Tableau
3).
2.4. Discussion
L’objectif principal de cette e´tude est de se cerner les effets
un programme de re´e´ducation et de travail proprioceptif de huit
semaines sur d’optimisation des performances musculaires
isocine´tiques et posturales des jeunes sportifs victimes
d’entorse de la cheville.
L’entorse de la cheville est une des pathologies les plus
courantes dans la pratique sportives. L’atteinte du ligament
collate´ral late´ral (LCL) de la cheville est une des le´sions les plus
fre´quentes du syste`me musculo-squelettique (85–90 %) [1]. Les
cliniciens de me´decine physique sugge`rent que l’entorse alte`re
la proprioception de la cheville. Cette dernie`re joue un roˆle
important dans le maintien de l’e´quilibre du corps en station
debout et lors de la locomotion.Tableau 1
Variables anthropome´triques du groupe expe´rimental (GExp) et groupe controˆle
(GC).
Aˆge (an) Masse corporelle (kg) Taille debout (cm)
GExp 21,56  2,27 68,93  10,41 173,75  7,54
GC 20, 62  1,5 73,12  16,97 179,75  9,52Selon la litte´rature, les conse´quences directes d’une entorse
de la cheville sont les suivantes : une diminution de la stabilite´
posturale, une perturbation de la boucle proprioceptive [28],
une diminution de la force et de la re´activite´ musculaire des
pe´roniers [18] et une diminution des amplitudes articulaires en
dorsiflexion [22].
Il semble que le de´ficit du syste`me proprioceptif est
responsable de la douleur musculaire et l’instabilite´ postural
suite a` l’entorse [6]. Une pe´riode de 6 a`12 semaines de
re´e´ducation s’ave`re suffisante pour atteindre les objectifs et
l’efficacite´ recherche´e [12]. Le contenu du travail proprioceptif
devrait eˆtre base´ sur des exercices de de´charge, puis sur plan
stable avec variation des situations de de´se´quilibres et enfin sur
plan instable (plateau I, II de Freeman), combine´ a` des
exercices de coordination et des sauts avec re´ception sur plan
instable [14]. Un des objectifs de la re´e´ducation sera donc de
travailler l’e´quilibre postural en feedback (stimulation des
re´cepteurs) afin de prote´ger la cheville lorsque le pied est au sol.
Malgre´ cela, la re´e´ducation devra eˆtre progressive et re´alise´e
dans des conditions de suˆrete´ pour la cheville graˆce a` des
stratage`mes astucieux de mousse ou de celle d’amortissement
comme avec la planche de re´e´ducation.
Dans notre e´tude, apre`s huit semaines de travail proprio-
ceptif, on observe une ame´lioration significative de la force
musculaire des extenseurs et fle´chisseurs plantaires de la
cheville aux vitesses 60 deg/sec lente, se traduisant par des
gains positives de la force musculaire au niveau des deux
membres. Mais le membre le´se´ reste le´ge`rement moins
performant. Le renforcement musculaire des muscles croissants
de la cheville est essentiel pour un retour rapide afin de pre´venir
des futures entorses [13]. Une force ade´quate est ne´cessaire
pour des mouvements fonctionnels et des sche´mas moteurs
adapte´s. D’autre part, le travail musculaire permet une
augmentation des capacite´s d’e´quilibre. L’automatisation de
la taˆche permet de se concentrer sur d’autres aspects du sport et
diminue le niveau de fatigue centrale, donc le risque d’accident.
La re´e´ducation musculaire s’effectue re´ellement apre`s l’obten-
tion d’amplitude articulaire fonctionnelle lorsque la douleur et
l’œde`me sont supportables [27]. Les exercices sont effectue´s
sur les deux membres afin d’entraıˆner le sujet a` e´viter les
compensations, de re´actualiser les sche´mas moteurs diffe´ren-
cie´s.
En termes de dure´e, on a obtenu une diminution significative
des temps d’acce´le´ration et de de´ce´le´ration mis par le sujet pour
rattraper la vitesse pre´de´termine´e [19]. Actuellement, la
re´e´ducation proprioceptive est base´e sur la the´orie de Freeman
[9]. Suite a` l’entorse, le temps de latence entre la survenue d’un
de´se´quilibre et la re´action des fibulaires augmente conside´ra-
blement en raison de l’e´longation subie par le syste`me
ligamentaire. Selon Freeman, la re´e´ducation vise a` rapprocher
le temps de latence de la boucle proprioceptive de la norme
physiologique. La re´e´ducation neuromusculaire devrait e´gale-
ment entraıˆner l’anticipation des contractions musculaires pe´ri-
articulaires [2] afin d’offrir une protection efficace de la
cheville contre les me´canismes traumatiques.
Sur le plan postural nous avons releve´ une ame´lioration tre`s
importante de la stabilite´ posturale caracte´rise´e par une
Tableau 2
E´volution et moyenne  et de la force isocine´tique des muscles fle´chisseurs et extenseurs de la cheville le´se´e avant et apre`s le programme de re´e´ducation.
Mouvement Cheville atteinte d’entorse
Flexion plantaire Flexion dorsale
Variables
Vitesse (8/sec) 30 60 120 30 60 120
Moment de force maximale
Test 73,56  21,81 69,74  18,26 49,96  15,75 24,09  5,82 17,15  4,16 16,54  7,64
Retest 96,04  32,07 95,73  28,84 65,15  17,05 26,55  8,79 22,7  5,18 19  5,23
Gain (%) 30,56 37,26 30,4 10,21 32,36 14,87
Temps d’acce´le´ration (sec)
Test 22,5  7,07 35  7,56 47,5  19,09 33,75  5,18 48,75  23,57 86,25  21,34
Retest 15  5,35 27,5  7,07 43,75  14,08 32,5  7 42,5  4,63 71,25  19,59
Gain (%) 33,3 21,4 7,8 11,1 12,8 17,4
Temps de de´ce´le´ration (sec)
Test 63,75  28,75 78,75  31,82 116,25  54,76 65  46,29 77,5  31,05 105  60,47
Retest 46,25  5,35 58,75  11,26 103,75  17,68 47,5  27,12 60  16,04 97,5  27,12
Gain (%) 27,4 25,4 10,7 26,9 22,6 7,14
Tableau 3
Vitesses d’oscillation du centre de gravite´, en appui unipodal, des membres le´se´ et sain compare´es au groupe controˆle avant et apre`s programme de re´e´ducation ( p :
signification) *( p < 0,05).
Vitesse d’oscillation (deg/sec) Test Retest p Groupe controˆle p
Membre le´se´
Dur 0,79  0,13 0,7  0,14 0,2 0,72  0,14 0,751
Souple 1,011  0,35 0,85  0,94 0,29 0,89  0,15 0,493
Membre sain
Dur 0,97  0,17 0,7  0,17 0,013* 0,87  0,09 0,04*
Souple 1,38  0,5 0,81  0,16 0,002* 1,07  0,19 0,017*
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les deux membres (le´se´ vs sain) et par a` une diminution
significative de la vitesse d’oscillation de centre de gravite´ en
appui unipodal. Les re´sultats de deux membres deviennent
comparables. Compare´s au groupe te´moin, les effets positifs
du travail proprioceptif sont remarquables. Le groupe te´moin
est pris en charge au niveau de leurs entorses par simple repos
pendant 2 semaines, glace, compression. . . puis la reprise
rapide de l’activite´ physique. Si l’on conside`re l’e´volution
tout au long des 8 semaines, leurs re´sultats restent stables
entre T1 et T2. Des recherches ont de´montre´ que l’entorse de
la cheville sans re´e´ducation peut eˆtre restaure´e apre`s un
an [15].
L’efficacite´ d’un programme d’entraıˆnement de 4–8 semai-
nes sur planche d’e´quilibre (plateau I, II de Freeman) sur le
controˆle postural et la stabilite´ perc¸ue a e´te´ bien documente´e
[25] et les symptoˆmes re´siduels observe´s apre`s une entorse
de la cheville peuvent eˆtre re´duites par un programme de
12 semaines de re´e´ducation planche d’e´quilibre. La re´e´duca-
tion neuromusculaire ne devrait donc pas consister a` solliciter
seulement les re´flexes me´dullaires, comme l’envisage la
me´thode Freeman, mais e´galement a` entraıˆner l’anticipation
des contractions musculaires pe´ri-articulaires [2], afin d’offrirune protection efficace de la cheville contre les me´canismes
traumatiques.
2.5. Conclusion
Ainsi nos re´sultats pourraient mettre en e´vidence l’importance
d’un entraıˆnement proprioceptive dans la re´adaptation des
blessures de la cheville. Les exercices propose´s peuvent
effectivement stabiliser une cheville instable et casser le cercle
vicieux des entorses re´currentes et e´viter par la suite la perte de
sensibilite´ proprioceptive et l’atrophie musculaire. Cependant,
notre prise en charge de 8 semaines ne nous permet pas d’e´valuer
si nous avons obtenu un effet maximal. De plus, il faut eˆtre
prudent car nous ne savons pas dans quelle mesure ces effets se
maintiendront dans le temps. Il serait en effet inte´ressant de
re´e´valuer ulte´rieurement les sportifs pour connaıˆtre l’effet de
notre traitement qui est base´ sur un programme d’entraıˆnement
proprioceptif sur une anne´e ou plus.
De´claration d’inte´reˆts
Les auteurs de´clarent ne pas avoir de conflits d’inte´reˆts en
relation avec cet article.
A. Ben Moussa Zouita et al. / Annals of Physical and Rehabilitation Medicine 56 (2013) 634–643 643References
[1] Ageberg E, Roberts D, Holmstrom E, Friden T. Balance in single-limb
stance in patients with anterior cruciate ligament injury: relation to knee
laxity, proprioception, muscle strength, and subjective function. Am J
Sports Med 2005;33:1527–35.
[2] Alex JY, Lin WH. Twelve-week biomechanical ankle platform system
training on postural stability and ankle proprioception in subjects with
unilateral functional ankle instability. Clin Biomech (Bristol Avon)
2008;23:1065–72.
[3] Bernier JN, Perrin DH. Effect of coordination training on proprioception
of the functionally unstable ankle. J Orthop Sports Phys Ther
1998;27:264–75.
[4] Biodex System III: clinical applications 2009. Available from URL: http://
www.biodex.com.
[5] Blackburn T, Guskiewicz KM, Petschauer MA, Prentice WE. Balance and
joint stability: the relative contributions of proprioception and muscular
strength. J Sport Rehabil 2000;9:315–28.
[6] Clark VM, Burden AM. A 4-week wobble board exercise programme
improved muscle onset latency and perceived stability in individuals with
a functionally unstable ankle. Phys Ther Sport 2005;6:181–7.
[7] Eils E, Rosenbaum D. A multi-station proprioceptive exercise program in
patients with ankle instability. Med Sci Sports Exerc 2001;33:1991–8.
[8] Eisenhart AW, Gaeta TJ, Yens DP. Osteopathic manipulative treatment in
the emergency department for patients with acute ankle injuries. J Am
Osteopath Assoc 2003;103:417–21.
[9] Freeman MA, Wyke B. Articular reflexes at the ankle joint: an electro-
myographic study of normal and abnormal influences of ankle joint
mechanoreceptors upon reflex activity in the leg muscles. Br J Surg
1967;54:990–1001.
[10] Goebel JA. Practical management of the dizzy patient. Lippincott: Wil-
liams & Wilkins; 2001.
[11] Guillodo Y, Le Goff A, Saraux A. Adherence and effectiveness of rehabili-
tation in acute ankle sprain. Ann Phys Rehabil Med 2011;54:225–35.
[12] Grathwohl S, Monvert A`, Pichonnaze C. E´valuation du traitement
pre´ventif de l’entorse de cheville avec le dispositif de proprioception
MYOLUX1 chez le handballeur amateur. Kine´sithe´rapie scientifique
2008;484:19–31.
[13] Kaminski TW, Hartsell HD. Factors contributing to chronic ankle insta-
bility: a strength perspective. J Athl Train 2002;37:394–405.
[14] Kidgell DJ, Horwath DM, Jackson BM, et al. Effect of six weeks of dura
disc and mini-trampoline balance training on postural sway in athletes
with functional ankle instability. J Strength Cond Res 2007;2:466–9.[15] Konradsen L, Voigt M. Inversion injury biomechanics in functional ankle
instability: a cadaver study of simulated gait. Scand J Med Sci Sports
2002;12:329–36.
[16] Lin WH, Lee AJY. The relationship between ankle inversion/eversion
strength and balance ability. Bull Phys Educ 2003;34:55–64.
[17] Liu YW, Jeng SC, Lee AJY. The influence of ankle sprains on proprio-
ception. J Exerc Sci Fitness 2005;3:33–8.
[18] Lotito G, Pruvost J, Collado H, Coudreuse JM, Bensoussan L, Curvale G,
et al. Peroneus quartus and functional ankle instability. Ann Phys Rehabil
Med 2011;54:282–92.
[19] Mattacola CG, Dwyer MK. Rehabilitation of the ankle after acute sprain
or chronic instability. J Athl Train 2002;37:413–29.
[20] McGuine TA, Keene JS. The effect of a Balance Training Program on the
risk of ankle sprains in high school athletes. Am J Sports Med
2006;34:1103.
[21] Mohammadi F. Comparison of 3 preventive methods to reduce the
recurrence of ankle inversion sprains in male soccer players. Am J Sports
Med 2007;35:922–6.
[22] Monaghan K, Delahunt E, Caulfield B. Ankle function during gait in
patients with chronic ankle instability compared to controls. Clin Biomech
2006;21:168–74.
[23] Osbourne MD, Chou LS, Laskowski ER, Smith J, Kaufman KR. The effect
of ankle disk training on muscle reaction time in subjects with a history of
ankle sprain. Am J Sports Med 2001;29:627–32.
[24] Prou E. Isocine´tisme et e´valuation – cheville. 3e journe´es Nic¸oises de
chirurgie et re´e´ducation de l’appareil locomoteur; 2003.
[25] Rozzi SL, Lephart SM, Sterner R, Kuligowski L. Balance training for
persons with functionally unstable ankles. J Orthop Sports Phys Ther
1999;29:478–86.
[26] Testou G. Exploration fonctionnelles (e´valuation isocine´tique). Ajaccio:
Centre de me´decine et de traumatologie du sport; 2010, http://cmts2a.fr/
explorations-fonctionnelles.
[27] Verhagen E, van der Beek A, Twisk J, Bouter L, Bahr R, van Mechelen W.
The effect of a proprioceptive balance board training program for the
prevention of ankle sprains: a prospective controlled trial. Am J Sports
Med 2004;32:1385–93.
[28] Willams T, Witvrouw E, Verstuyft J, Vaes P, De Clercq D. Proprioception
and muscle strength in subjects with a history of ankle sprains and chronic
instability. J Athl Train 2002;37:487–93.
[29] Zouita Ben Moussa A, Zouita S, Dziri C, Ben Salah FZ. Single-leg
assessment of postural stability and knee functional outcome two years
after anterior cruciate ligament reconstruction. Ann Phys Rehabil Med
2009;52:475–84.
